failed to rcveal a history of cystine calculi. These four were discovered in a study of familial relationships of patients operated upon for the removal of calculi. In this Swedish group, the sex distribution was male 15 to female 7. In the other cases since 1920, the distribution is 32 males to 22 females, with the sex not recorded in the availabje report of two of the cases8. For the total group of 69 cystinuric individuals in which the sex is stated, the sex ratio is 41 males to 28 females, a distribution similar to that observed by Garrod"8. Early in the study of cystinuria, it was recognized that the anomaly commonly occurs in several members of a family group. The best known and most carefully studied family of cystinurics has been that reported by Abderhalden' and by Kaufmann, in which cystinuria was shown to exist throughout three generations. The paternal grandfather and the father were cystinuric, while the mother was normal. Of the five children, one had died at the age of 21 months with symptoms of marked failure of nutrition, and cystine deposits were found in the tissues; two others had died at the ages of 9 and 17 months respectively with similar symptoms, although cystinuria was not definitely demonstrated. Both of the two living children, 5/2 years and 14 months of age, were definitely cystinuric. Recently, Robson42 and Thin"4 have had the opportunity of observing another remarkable cystinuric family, the genealogical relationship of which is presented in the figure here reproduced by the permission of Dr. Robson. The position of the subject of the initial study is indicated by the encircled figure, while crosses show the existence of members concerning whom information is lacking. It will be seen that in the first generation in which cystinuria was observed, six of twelve children were affected, while of the five children born to the cystinuric daughter, four were cystinurics. Two other cases were encountered in the group, a total of twelve cystinuric individuals in this sibship.
One of the most interesting of the clinical reports of recent years is that of Tennant53 in which the removal of 14 cystine calculi aggregating 73 gm. in weight in three successive operations from the two kidneys and right ureter is detailed. One of these stones, removed from the cortex of the right kidney, weighed 50 gm. This stone and that recorded by M6rner37 (Case 16) , which weighed 50.2 gm., are among the largest cystine calculi which have been observed.
It seems probable that cystinuria uncomplicated by calculi may be of more frequent occurrence than is usually believed. In most instances, the uncomplicated condition has been detected by examinations of the urines of relatives of patients who have been compelled to seek surgical aid for the removal of calculi. Garrod'3 states that Simon encountered only one cystine sediment in 15,000 urines examined, and Primavera, one in 20,000. Sondern47 states that "in approximately 35,000 specimens of urine true cystinuria has been met with in but four cases and one of the four presented symptoms referable to renal calculi, the presence of cystine in the urine in the others being discovered on routine analysis"*. It has also been stated that only "2X2 per cent of cystinurics develop stones, but the figure is probably high, on account of the large number of unrecognized cases of cystinuria"10. The basis for such an estimate is not clear to the present author.
Heretofore, the identification of cystine in the urine, except in those acute cases in which crystals of cystine separate, has not been easy. Sullivan49 has recently introduced a test for cystine which is both highly specific50 and delicate and which is easily carried out. This test depends upon the reduction of cystine to cysteine by sodium cyanide and the formation of a red-colored complex by the reaction of the cysteine with 1, 2-naphthoquinone-4-sodium sulfonate in the presence of an alkaline solution of sodium sulfite. A simpler but less highly specific test is the cyanide-nitroprusside test. Brand7 has recently suggested that this well-known test should be applied to the routine examination of urines of large groups of individuals. The urine is treated with sodium cyanide to reduce cystine to cysteine and after the reduction has proceeded, a few drops of sodium nitroprusside are added. In the presence of cystine, a rather stable magenta color is developed, a color characteristic of SH groups, while with the normal urines, only a very faint brownish color is observed.
We have examined, by the use of these chemical tests for cystine, about 1 1,000 urines of healthy young men and women in the past three years2'. These urines were obtained for the most part in connection with the medical examinations given to entering students at the University of Michigan, Michigan State Normal College, and Albion College. In this series we have observed four individuals (3 men and 1 woman) in whose urines cystine crystals were regularly present. These urines gave strongly positive reactions in the Sullivan and cyanide-nitroprusside tests for cystine, and the percentage of organic ("neutral") sulfur of these urines was far above the normal value. In addition fourteen individuals have been examined repeatedly in whose urines strongly positive tests for cystine by both these color reactions were regularly obtained although crystals of cystine have never been present in the urine. In most of this group it has been possible to determine the It is usually stated that except for the complications introduced by the formation of cystine calculi, cystinuria is a harmless anomaly. Such a conclusion would seem warranted by the numerous reports of patients who have lived many years despite repeated formation of calculi. The most striking of these is the case* reported by Sir Henry Thompson" in which a large cystine stone was successfuly removed by lithotrity from a patient 81 years old, in whom calculus formation had occurred 39 years previously. There is available some evidence, however, which suggests that disturbances of cystine metabolism, in young children at least, are not without injurious effects. Abderhalden', in 1903 , made chemical examination of the tissues of a patient of Kaufmann, a female child about 21 months of age, who had shown symptoms of a general failure of nutrition for some time prior to her death. Microscopic examination revealed depositions of crystalline material rcsembling cystine in the tissues, particularly in the liver. Chemical tests proved that these crystalline masses were cystine. Two other children in this family had died in infancy with similar clinical symptoms, while cystinuria was shown to exist in two surviving brothers of the patient and in the father and paternal grandfather. Similar observations were made in 1924 and 1925 by Lignac"0 on three young children who were not related. All of these showed a marked failure of nutrition, a "progressive atrophy", which terminated fatally. As in the case just discussed, cystine crystals could be demonstrated in many organs (spleen, liver, choroid plexus, mesenteric lymph glands, etc.) by both microscopic and chemical examination. In view of the fact that cystine is believed to be an essential amino acid, in the absence of which growth and normal nutrition are impossible in the white rat at least, these autopsy findings suggest that the lack of normal utilization of cystine by these children may have been responsible for the failure of normal growth and nutrition, which terminated fatally. It is possible that in older patients the requirements for cystine are not as great as in the growing individual and that cystinuria in adults does not result in as serious a disturbance of the metabolic processes. The frequent reference to "gouty attacks" and rheumatism in the clinical histories in cystinuria suggests that cystine may be commonly deposited in the *Since this article was submitted for publication, Meyer (Deutsches Arch. f. klin. Mcd., 1931, 172, 207) has reported cystinuria in a woman, 87 years of age. tissues of cystinurics, deposits similar to those observed by Abderhalden and by Lignac. For many years, the problem of the greater solubility of cystine in urine than in water has presented difficulties*. Blix0 has recently pointed out that four factors may contribute to this increased solubility of cystine in urine-hydrogen-ion concentration, mineral constituents, diffusible organic substances and colloidal materials-and has attempted by direct experimental observation to determine the relative importance of each factor. The maximum insolubility (isoelectric point) of cystine is at a pH of 3.78 (Sano45); with increase in pH up to about 6.0 the change in solubility is slight; at a pH of 7.5 the solubility increases about 50 per cent; while in solutions more alkaline, the solubility increases rapidly up to 1300 to 1400 per cent at a pH of 9. However, since the pH of normal urine seldom exceeds 7.0, this factor must be of relatively slight importance. In 0.25 N solutions of the various salts normally present in urine, the solubility of cystine was increased, the amount of the increase varying with the nature of the salt used. The increased solubility was most marked with calcium chloride (59 per cent). In a solution containing a mixture of the salts normally present and in approximately the same concentrations as in normal urine, about 0.146 gm. of cystine per liter was dissolved as compared with 0.109 gm. in aqueous solution. The organic constituents of the urine (urea, glucose, creatinine) did not influence the solubility of the cystine. Dialyzed urine dissolved almost twice as much cystine as did distilled water. There did not appear to be any true solubility equilibrium, since if cystine in solution was added to a urine it still remained in solution even though the pH was adjusted to the point at which cystine would be precipitated if in aqueous solution. Blix believes that the colloidal substances present in urine are important in that they prevent the crystallization of the cystine from the urine.
Brand and his co-workers7 suggest that cystine may exist in combined form in the urine. They noted an increase in the cystine content of urine, as determined by the highly specific Sullivan method, on standing or after hydrolysis with hydrochloric acid. The existence of such a cystine complex (peptide? ), more soluble than cystine, would help to explain the considerable amounts of cystine which * As an instance of the older observations compare Mester, B.: Ztschr. f. physiol.
Chem., 1890, 14, 109. may remain in solution in the urine over long periods of time. Variations in the rate Qf hydrolysis of this complex either in the kidney or the urinary bladder or after the urine is voided would explain why "showers" of cystine crystals may appear in the urine on one day and be absent in the samp]e collected on the next day. This postulation of combined cystine is supported by the observation5' that normal urine contains little free cystine or cysteine, but does contain those compounds in combined form, mainly in the oxidized form in the urines studied. Brand7 has also presented evidence for the probable presence of a cystine complex in normal urine. If such a compound is present normally, it must occur in very small amounts. Even if it can be shown that the cystinuric patient eliminates combined cystine in relatively large amounts through the kidney and that this complex undergoes varying degrees of hydrolysis, the solution of the ultimate problem of cystinuria is but little advanced. Why does the cystinuric individual differ from the normal in this respect?
The occurrence and supposed stability of glutathione in the animal organism would suggest this compound as the most likely complex excreted in cystinuria. Recently, however, it has been shown that in the dog, of all the cystine-containing peptides studied, glutathione was the most easily oxidized"8. Moreover, when glutathione (3 gm.) was fed to a cystinuric patient, it was oxidized as readily as cystine". The glutathione content of the blood in a cystinuric individual has also been demonstrated to be normal (34 mg. per 100 cc.) both before and after reduction with zinc and acid40.
The question of the identity of stone cystine and protein cystine has frequently been raised. Abderhalden2, in 1918, concluded that no evidence was obtainable in support of the view that there existed a characteristic urine or stone cystine distinct from the cvstine obtained on protein hydrolysis. Gortner and Hoffman'4 1 made a careful chemical examination of cystine isolated from calculi removed from the kidney by Tennant5". The specific rotation of this cystine at 200 C. was -242.60, a figure much higher than any value recorded in the literature for either protein or stone cystine. They prepared a number of derivatives of this stone cystine, compared these with similar derivatives of protein cystine and observed that the properties of the derivatives of the two cystines were identical in some cases, different in others. They state that the only conclusion which can be drawn from the conflicting observations, considered in the light of the literature, appears to be "that cystine is an extremely labile compound and possibly occurs in more than one form, so that persons working with cystine are probably working with a mixture of substances and that this mixture varies in composition depending at least upon (1) the source of the biological material from which the cystine is prepared and (2) the method of preparation which is used for the isolation and purification of the amino acid."
None of the methods now available for the quantitative estimation of cystine in urine is entirely satisfactory. The oldest method involved isolation from urine made acid with acetic acid, a method which was modified by Gaskell. Magnus-Levy32, in 1925, showed that the cystine isolated and weighed in Gaskell's method was frequently contaminated with other substances and recommended that the precipitate be dissolved and the cystine be determined by polarimetry. Lewis and Wilson2" have also discussed the purity of the cystine precipitated in Gaskell's method. The classical method of estimating the excretion of cystine by the changes in the organic ("neutral") sulfur of the urine is not valid, unless in cystinuria cystine is the chief or only sulfur-containing compound excreted. The correctness of this assumption has been questioned7 24. Two colorimetric methods are available, those of Looney23 and of Sullivan", 5". The former has been criticized justly for lack of specificity, while the Sullivan reaction, although undoubtedly specific for cystine, is difficult to apply to the quantitative determination of cystine in urine7. The iodometric method of Okuda39, which gives values similar to those obtained by the Sullivan method, has been applied to urine so seldom that its value for this purpose cannot be stated. A method for the determination of cystine in urine, adequate from the standpoints of accuracy, specificity and simplicity, is urgently needed.
Lack of a satisfactory method for the determination of cystine has handicapped the study of the relation of cystine elimination to the composition of the diet and the metabolic level. The more recent investigations have demonstrated anew that the excretion of cystine is definitely increased with an increased level of protein metabolism4 24, 27, 32, 42 An endogenous origin of the cystine has been suggested27. If this theory is correct, the increased cystine excretion is to be related to the increased content of protein as such in the diet rather than to the cystine content of this protein. It has been suggested that the protein may stimulate some process of endogenous metabolism which is abnormal in cystinuria and thus increase the cystine excretion. No explanation of the stimulating action of protein on cystine excretion, which postulates a purely exogenous origin of this extra cystine can be accepted, since it has been repeatedly shown that the cystinuric individual can readily oxidize cystine when fed24 27 32 42, 2 The theory that the cystine is absorbed from the intestine as some complex peptide, which is not utilized in the normal manner by the cystinuric, requires confirmation. The fact that glutathione has been shown to be oxidized readily by the cystinuric organism" would indicate that this peptide is probably not concerned.
Earlier studies which seemed to indicate a general disturbance of amino acid metabolism associated with cystinuria have not been confirmed by recent work. In two only of the investigations carried out since 1920 have amino acids other than cystine been isolated from the urine. Sylla52 observed an excretion of leucine and tyrosine in the urine. Cysteine was also detected by a series of color reactions, although isolation was not attempted. This is the first recorded excretion of this reduction product of cystine. Other investigators have not been able to detect the presence of tyrosine or leucine in the urine4' 5, 7, 32. Arginine was isolated from cystinuric urine by Hoppe-Seyler20 in amounts which, although small, he considered significant. In view of the recent isolation of many of the important amino acids from large volumes of normal human urine by Wada51, the question of the excretion of amino acids other than cystine by the cystinuric as compared with the normal individual requires careful reinvestigation.
Since cystine is usually assumed to be the precursor from which taurine is synthesized in the liver for the formation of taurocholic acid, the question of the taurine and taurocholic acid content of the bile in cystinuria has considerable interest. Marowsky83, in 1868, studied a case of cystinuria with involvement of the liver which resulted in a complete acholia and suggested that the kidneys acted vicariously. in the excretion in the urine of the cystine which, under normal conditions, would have been converted to taurine and excreted as taurocholic acid in the bile. Eppinger"1 analyzed gallbladder bile obtained at the autopsy of a cystinuric and was unable to observe any significant variation in composition as compared with normal human bile. Altmann' and Sylla32 have also examined bile of their patients, which was obtained by duodenal sound, and have observed that taurine (as taurocholic acid) was always present in the bile. The contention of Rosenfeld4' that there is no reason why the synthesis of taurocholic acid should not be effected by the cystinuric is thus supported.
Association of cystinuria with infection outside of the genitourinary tract has been observed frequently in the more recent investigations. The patient of Magnus-Levy"2, who was admitted to the clinic with the diagnosis of rheumatism, during a period of high fever excreted from 1.6 to 1.8 gm. of cystine daily, one of the highest excretions of cystine recorded. There was also an increased level of endogenous protein metabolism, the patient receiving in the diet 5 to 10 gm. of nitrogen and excreting 20 to 32 gm. of nitrogen daily. Later when the acute infection had disappeared and the temperature was normal, the cystine excretion was only 0.35 to 0.52 gm. despite a high level of nitrogen excretion (16.2 to 25.5 gm.). Magnus-Levy considered that the high output of cystine was to be ascribed to the fever with the accompanying increase in endogenous protein catabolism, and concluded: "Doch glaube ich, dass es vornehmlich der Infekt selber ist, der die besondere grosse Storung im Abbau des Cystins verschuldet hat." Sylla52 also observed a high excretion of cystine in his patient during fever (1.32 gm.) with a marked decrease in the cystine content of the urine (0.19 gm.) after the remission of the fever. Similar observations were made by Altmann'. The significance of these findings is not clear. It seems improbable that they are to be explained entirely on the basis of the increased level of protein metabolism in fever.
Monceaux"5 was able to isolate cystine in crystalline form from the urine of more than 40 per cent of tuberculous patients. He considered that this failure of cystine to follow its usual path of catabolism, in which the sulfur is excreted as sulfate sulfur in the urine, was due to the inability of the liver to catabolize cystine normally in tuberculosis. He believed that this association of cystinuria with tuberculosis was of great significance in the study of the nutritive aspects of tuberculosis. Sylla52 did not observe cystinuria in any of the tuberculous patients in his clinic, nor were Lewis and O'Connor28 in their study of the urine of about 150 tuberculous individuals able to demonstrate any relationship between cystinuria and tuberculosis, as maintained by Monceaux. The administration of alkali (sodium bicarbonate) in amounts sufficient to maintain an alkaline reaction of the urine is a form of treatment in cystinuria suggested many years ago and is based upon the increased solubility of cystine in alkali, which prevents the formation of cystine crystals and calculi. That such alkali treatment may actually dissolve calculi already formed appears to have been demonstrated by Crowell' and Reaves41. In both these cases, large cystine calculi of the kidneys, which could be shown by X-ray shadows, disappeared completely after treatment with alkali. In the latter case4" skiagraphs taken about one month after alkali administration was begun showed no cystine calculus.
Looney, Berglund, and Graves24 observed remarkable changes in cystine excretion after bicarbonate administration to a cystinuric patient. Although cystine crystals disappeared from the urine and total cystine, as determined colorimetrically by the method of Looney23, changed from 0.427-0.750 gm. in the foreperiod to 0.118-0.336 during the administration of bicarbonate, the excretion of organic sulfur remained practically unchanged. Brand7 believes that this may indicate the excretion of some sulfur-or cystine-containing complex which gives less color in the method of Looney than does cystine. This effect of bicarbonate on cystine excretion is not a constant one, since neither Robson42 nor Lewis and Lough27 were able to demonstrate any significant effect of bicarbonate in significantly altering the elimination of cystine in the cases studied by them. This difference in behavior of cystinuric individuals in response to alkali administration suggests, as does much of the other work, that the factors associated with cystinuria are not always the same, that there may be different types or degrees of cystinuria as believed by Rosenfeld"3. Of interest also is the study by Looney and collaborators24 of the cystinuric patient previously studied by Alsberg and Folin in 19053 . This study, made 17 years after the original investigation, showed that the metabolism of the patient had not altered in this period.
Lewis25 has investigated the perspiration of the cystinuric patient in his laboratory and was unable to demonstrate the presence of cystine as had been claimed by earlier workers. The examination of other body fluids by the newer methods should give results of interest.
In conclusion, the need for more careful chemical examination of the urine for the presence of cystine may be emphasized. Frequent references are found in the literature to intermittent cystinuria (Sylla52 and older references) and to the temporary cessation of cystinuria after removal of calculi by operative procedures. This diagnosis of the absence of cystinuria has been based in the past too often on the failure to detect cystine crystals in the urine or on inadequate chemical tests (e.g., the test for loosely-combined sulfur). As pointed out by Brand7, the presence of free cystine in the urine is not essential for the diagnosis of cystinuria. More carefully controlled metabolic studies with the use of improved methods of analysis are necessary if the solution of the problems of the cause and proper treatment of this unique disturbance of amino acid metabolism is to be achieved. 
